Objective: Pediatric loss of control (LOC) eating prospectively predicts the worsening of metabolic syndrome components. However, it is unknown if remission of LOC eating is associated with improvements in metabolic health. Therefore, we conducted a secondary analysis of a trial that enrolled adolescent girls with LOC eating, examining whether LOC remission (vs. persistence) at end-of-treatment was associated with changes in metabolic syndrome components at 6-month follow-up.
differences in these components. No other component significantly differed by LOC eating status (ps > .05).
Discussion: Reducing LOC eating in adolescent girls may have a beneficial impact on some components of the metabolic syndrome.
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| I N TR ODU C TI ON
In concert with the high rates of pediatric obesity, in recent decades there has been a substantial increase during childhood and adolescence in the prevalence of type 2 diabetes (Mayer-Davis et al., 2017) and other aspects of the metabolic syndrome including dyslipidemia and hypertension (Duncan, Li, & Zhou, 2004; Muntner, He, & Cutler, 2004) .
Moreover, pediatric obesity that persists into adulthood is a risk factor for the development of hypertension, hypercholesterolemia, and type 2 diabetes in adulthood-even if youth do not have metabolic syndrome in childhood (Juonala et al., 2011) . Identifying and reducing modifiable factors that promote obesity and its metabolic complications may help prevent the development of full or partial metabolic syndrome (Biltoft & Muir, 2009 ).
One potentially modifiable risk factor for obesity and metabolic dysfunction is binge eating (American Psychiatric Association, 2013; Hudson et al., 2010) . When compared with adults who do not endorse binge eating, adults with binge eating may differ in endocrine and autonomic functioning (Friederich et al., 2006; Lo Sauro, Ravaldi, Cabras, Faravelli, & Ricca, 2008; Messerli-Burgy, Engesser, Lemmenmeier, Steptoe, & Laederach-Hofmann, 2010) . Furthermore, the evidence for distinct cardiovascular and psychological phenotypes, even independent of weight status, suggests that binge eating and obesity may be specific phenotypes with respect to psychophysiological outcomes (Klatzkin, Gaffney, Cyrus, Bigus, & Brownley, 2015) . Indeed, adults who endorse binge-eating episodes are more likely to have hypertension, hypertriglyceridemia, low high-density lipoprotein (HDL-C), insulin resistance, elevated inflammation, and metabolic syndrome than adults without binge eating (Abraham, Massaro, Hoffmann, Yanovski, & Fox, 2014; Succurro et al., 2015) . Moreover, binge-eating disorder in adults predicts the development of significant health problems, particularly of the cardiovascular and endocrine systems (Hudson et al., 2010) , even after accounting for the contributions of weight status.
Loss of control (LOC) eating is a prevalent disordered eating pattern among youth. LOC eating is the subjective experience of an inability to stop eating, and includes eating episodes with an objectively large amount of food (i.e., binge eating) as well as episodes with an ambiguously large amount of food (Tanofsky-Kraff, Marcus, Yanovski, & Yanovski, 2008) . For children and adolescents, it appears that the experience of LOC eating, rather than the amount of food consumed, is the most salient indicator of aberrant eating (Shomaker et al., 2010) . (Bishop-Gilyard et al., 2011; Glasofer et al., 2007) report recent LOC eating. Compared with adolescents who do not report LOC eating, those with LOC are more likely to be overweight and to have greater adiposity (Morgan et al., 2002; Schluter, Schmidt, Kittel, Tetzlaff, & Hilbert, 2016; TanofskyKraff et al., 2004) . Further, even infrequent LOC eating is predictive of excess weight gain in prospective studies (Field et al., 2003; TanofskyKraff, Yanovski, et al., 2009 ).
Independent of adiposity, LOC eating also appears to put youth at risk for metabolic dysfunction. A cross-sectional analysis found that presence of LOC eating was associated with higher systolic blood pressure and higher low-density lipoprotein cholesterol (LDL-C) compared with youth without LOC eating, even after adjusting for the association of LOC eating with adiposity (Radin et al., 2015) . Prospectively, one study that found pediatric binge eating predicted worsening of components of the metabolic syndrome, namely, triglycerides and central adiposity, over a 5-year follow-up (Tanofsky-Kraff et al., 2012) . In the same study, baseline LOC overeating was associated with a 5.33 greater odds of meeting criteria for metabolic syndrome 5 years later (Tanofsky-Kraff et al., 2012) . Taken together, preliminary data suggest that LOC eating may place youth at risk for metabolic dysfunction.
If the prospective link between LOC eating and worsening metabolic function reflects a causative pathway, then reducing or eliminating this behavior would be expected to promote improvements in metabolic dysfunction. Therefore, we carried out a secondary analysis of a trial that studied adolescent girls with LOC eating prior to and following interventions aimed at reducing excess weight gain. In the primary outcome analyses for this trial, there were no significant differences in how LOC eating or body mass index (BMI) indices changed between a 12-week interpersonal group psychotherapy experimental program and a standard-of-care group health education program (Tanofsky-Kraff et al., 2014) . Therefore, we hypothesized that adolescent girls whose LOC eating remitted, regardless of intervention assignment, would evidence greater improvements in metabolic function compared with girls whose LOC eating persisted.
| M ET HOD

| Participants
This study is a secondary analysis of healthy adolescent girls, 12-17 years old, recruited for participation in a randomized controlled clinical trial at the Uniformed Services University of the Health Sciences (USUHS) and the National Institutes of Health (NIH) Hatfield Clinical Research Center in Bethesda, Maryland (ClinicalTrials.Gov ID: NCT00680979). Findings from the primary aims, describing group condition differences on mood, LOC eating, and weight, are reported elsewhere (Tanofsky-Kraff et al., 2014) . This article is the first presentation of the study's metabolic data that were collected as secondary outcomes.
As previously described (Tanofsky-Kraff et al., 2014) , all participants were deemed at risk for excess weight gain due to a BMI (kg/m 2 ) between the 75th and 97th percentiles (Field, Cook, & Gillman, 2005) and the report of at least one episode of LOC eating in the previous month ). Girls were excluded from the trial if they had a major medical or psychiatric condition other than binge-eating disorder, if they were in behavioral weight loss or psychotherapy, or were taking medications known to affect body weight or appetite, including oral contraceptives. Girls were excluded from this secondary analysis if they did not complete their 6-month follow-up visit (n 5 10). Adolescents were recruited through the NIH clinical trials website, local area community flyer postings, and direct mailings to homes within a 50-mile radius of Bethesda, Maryland. Recruitment materials were directed to parents who were concerned about their daughter's body weight and eating behavior. The study was approved by the USUHS and Eunice Kennedy Shriver National Institute of Child Health and Human Development institutional review boards. Parents and daughters provided written consent and assent, respectively.
| Procedure
At a baseline visit, following an overnight fast, girls completed physiological and psychological assessments. Participants were then randomized to a 12-week interpersonal group psychotherapy or group health education control program, as previously described (Tanofsky-Kraff et al., 2014) . The interpersonal psychotherapy group was modified from existing programs focused on the prevention of depression in adolescents (Young, Mufson, & Davies, 2006) and the treatment of binge-eating disorder (Wilfley, MacKenzie, Welch, Ayres, & Weissman, 2000) . The health education program was adapted from the HEYDurham manual (Bravender, 2005) . Follow-up assessment of LOC eating took place at the end of the 12-week intervention and metabolic function was re-assessed 6 months following the initiation of the programs. ing Disorder Examination has shown good inter-rater reliability and discriminant validity in child and adolescent samples (Glasofer et al., 2007;  Tanofsky- Kraff et al., 2004) , and in the current sample (Tanofsky-Kraff et al., 2014). As all participants reported LOC eating at baseline, girls were categorized as those with LOC eating persistence (i.e., reported at least one LOC eating episode in the past 28 days at end-of-treatment) or LOC eating remission (i.e., did not report LOC eating in the past 28 days at end-of-treatment).
| Depressive symptoms
Depressive symptoms were measured using the Beck Depression Inventory II (Beck, Steer, & Brown, 1996) , a self-report questionnaire containing 21 items that query about depressive symptoms, such as sadness, anhedonia, and irritability. A total score is calculated by summing all items, each scored from 0 to 3, with higher scores representing increased severity of depressive symptoms. Based on the total score, the severity of depressive symptoms is considered minimal (0-13), mild (14-19), moderate (20-28), or severe (29-63). The Beck Depression
Inventory has been shown to be valid and reliable in adolescent samples (Ambrosini, Metz, Bianchi, Rabinovich, & Undie, 1991; Beck, Steer, & Garbin, 1988) . In this sample, the Beck Depression Inventory had good internal consistency (Cronbach's a 5 .82).
| Anthropometric measurements
Height (cm) was measured in triplicate by calibrated stadiometer.
Weight (kg) was obtained in a fasted state with a calibrated digital scale. BMI (kg/m 2 ) was calculated using average height and weight, and then BMI-z scores was generated by adjusting for age and sex according to CDC growth standards (Kuczmarski et al., 2002) . Body fat mass (kg) was estimated with dual-energy X-ray absorptiometry (DXA), a validated measure of body composition (Ellis, 2000; Rothney, Brychta, Schaefer, Chen, & Skarulis, 2009 ), using a calibrated Hologic Discovery instrument (Hologic, Marlborough, MA). Waist circumference (cm) was measured at the iliac crest with a nonelastic tape measure.
| Metabolic function
Fasting triglycerides, plasma glucose, and total cholesterol were measured from blood samples using a Hitachi 917 analyzer using reagents from Roche Diagnostics (Indianapolis, IN). A Cobas FARA analyzer was used to directly measure high-density lipoprotein cholesterol (HDL-C) using reagents from Sigma chemical (St. Louis, MO). LDL-C was then calculated using the following formula: total cholesterol -HDL-C -(triglycerides/5).
Blood pressure was measured using an automated blood pressure monitor (Dynamap, GE Healthcare) at the right brachial artery while participants were seated. Metabolic functioning was examined continuously due to the lack of consensus for clinical cutoffs for metabolic health components in youth (Agudelo et al., 2014; Prodam et al., 2013; Steinberger et al., 2009; Zimmet et al., 2007) .
| Statistical analysis
Statistical analyses were conducted using IBM SPSS Statistics 24 (Armonk, NY). All data were screened for outliers and normality.
Across all variables at baseline and 6-month follow-up, 19 values were identified as extreme outliers (defined as more than three standard deviations from the mean) and were recoded to the next lowest or
highest value for that variable. LOC eating frequency at baseline was log-transformed to achieve normality. For all participants, baseline differences between youth with LOC eating persistence versus LOC eating remission at end-of-treatment were assessed using independent samples t tests and v 2 tests, as appropriate. For participants with valid measures at both baseline and 6-month follow-up, metabolic and anthropometric variables within each group were examined over time using paired samples t tests.
Given that the randomized controlled trial found no intervention effect of interpersonal psychotherapy versus health education for LOC eating at any follow-up visit (Tanofsky-Kraff et al., 2014), participants were collapsed across intervention assignment for the primary analyses. In order to maximize sample size for each analysis, a series of seven analyses of covariance (ANCOVAs) were conducted to examine the impact of LOC eating remission at end-of-treatment on metabolic syndrome components (waist circumference, triglycerides, LDL-C, HDL-C, plasma glucose, systolic blood pressure, and diastolic blood pressure), with LOC eating status (persistence vs. remission at end-oftreatment) as the independent variable. Participants may have been excluded from each ANCOVA if they were missing the respective outcome data from the 6-month follow-up or if they were missing data for a covariate. Missing data varied across metabolic outcomes due to protocol deviations including an inability to draw blood following two sticks, or issues with the samples (e.g., hemolysis) or with laboratory analysis. The following covariates were included in each ANCOVA:
race (coded as non-Hispanic White vs. other), baseline age (years), baseline depressive symptoms, baseline LOC eating frequency, baseline fat mass (kg), baseline height (cm), change in height from baseline to 6 months (cm), change in fat mass from baseline to 6 months (kg), and the baseline value of each respective metabolic syndrome component.
If LOC eating status at end-of-treatment was found to be significant in any ANCOVA, follow-up ANCOVAs were conducted including all covariates, LOC eating status at end-of-treatment, intervention assignment, and the interaction between LOC eating status and intervention assignment to confirm there were no main or interactional effects of intervention condition. All tests were two tailed, and differences were considered significant when p values were < .05.
| R E SU LTS
Participants were 103 adolescent girls between the ages of 12 and 17 years (M 5 14.5 years, SD 5 1.7). At baseline, the average BMI-z Table 1 .
For girls with LOC eating remission, baseline and 6-month followup values did not differ significantly for BMI-z scores, fat mass, triglycerides, LDL-C, HDL-C, systolic blood pressure, or diastolic blood pressure. However, girls with LOC eating remission were taller at 6-month follow-up than at baseline (162.6 6 7.1 vs. 163.6 6 6.7 cm; p 5 .001), had a larger waist circumference at 6-month follow-up than at baseline (84.1 6 9.2 vs. 87.7 6 10.7 cm; p 5 .001), and had lower plasma glucose at 6-month follow-up than at baseline (86.8 6 6.3 vs.
83.8 6 6.3 mg/dL; p 5 .02). Girls with LOC eating persistence did not differ significantly between baseline and 6-month follow-up for BMI-z scores, waist circumference, triglycerides, LDL-C, plasma glucose, or systolic blood pressure. However, girls with LOC eating persistence had higher fat mass at 6-month follow-up than at baseline (26.0 6 5.3 vs.
26.8 6 6.1 kg; p 5 .04), were taller at 6-month follow-up than at baseline (161.7 6 7.3 vs. 162.9 6 7.0 cm; p < .001), had lower HDL-C at 6-month follow-up than at baseline (46.8 6 10.0 vs. 44.8 6 11.9 mg/dL; p 5 .02), and had higher diastolic blood pressure at 6-month follow-up than at baseline (65.8 6 5.9 vs. 68.2 6 7.1 mmHg; p 5 .02). Anthropometric and metabolic components at baseline and 6-month follow-up within each LOC eating group is shown in Table 2 .
When conducting between-groups analyses, after adjusting for covariates, waist circumference at 6-month follow-up did not significantly dif- Table S1 ). In contrast, after adjusting for covariates, girls with LOC eating persistence had significantly lower HDL-C (M 5 44.8 mg/dL, SD 5 11.9) than those with LOC eating remission at end-of-treatment 
| D I SCUSSION
Among adolescent girls at risk for excess weight gain, we observed greater improvements in some metabolic syndrome components at a 6-month follow-up when LOC eating remitted at end-of-treatment.
Specifically, adolescents whose LOC eating remitted had lower fasting plasma glucose, higher HDL-C, and lower triglycerides at a 6-month follow-up than adolescents whose LOC eating persisted, despite no baseline differences in these components. These findings complement One potential mechanism by which remission of LOC eating could promote improvements in metabolic health is through alteration of macronutrient selection and eating patterns. Despite mixed data on whether youth with LOC eating consume more total energy at meals than their peers without LOC eating, data more consistently demonstrate that intake of youth with LOC eating is distinguished by the consumption of a greater proportion of energy from carbohydrates, including snacks and desserts, and less from protein (Hilbert, TuschenCaffier, & Czaja, 2010; Tanofsky-Kraff, McDuffie, et al., 2009; Theim et al., 2007) . Dietary patterns that involve a high intake of snacks and desserts have been associated with increased risk of metabolic syndrome in both adults and children (Deshmukh-Taskar et al., 2009; Kelishadi et al., 2008) . However, in the current sample, we previously found that compared with the health education control group, snacktype food intake was reduced more in the interpersonal psychotherapy intervention group (Tanofsky-Kraff et al., 2016) . While not tested directly, given that we found no main effect of group or interactional effects of group by LOC eating remission on HDL-C, glucose, or triglcyerides, it is likely that the reduction of snack-type food intake does .01* Note. BMI-z 5 body mass index adjusted for age and sex; HDL-C 5 high-density lipoprotein cholesterol; LDL-C 5 low-density lipoprotein cholesterol; LOC 5 loss of control. Baseline data presented from all participants (n 5 103). *Significant at p < .05.
SHANK ET AL.
| 569 not fully explain the relationship between LOC eating remission and improvements in these metabolic components. Likewise, although our main outcome paper found that interpersonal psychotherapy was more effective at reducing objective binge eating than health education (Tanofsky-Kraff et al., 2014), we found no main effects of group or interaction effects of group by LOC eating remission on these components. Thus, it is also unlikely that a change in objective binge-eating episodes would fully explain the relationship between LOC eating remission and improvements in metabolic health. Other features that characterize LOC eating across both subjectively and objectively large episodes may explain the relationship between LOC eating remission and change in metabolic health warrant exploration. For example, increased eating speed has been associated with worsened cardiometabolic health (Lee et al., 2013; Zhu, Haruyama, Muto, & Yamazaki, 2015) , and individuals often report eating rapidly during LOC eating episodes (Marcus, Wing, & Hopkins, 1988) . Future research should continue to elucidate the relationship between LOC eating, diet quality, and metabolic health as well as examine other potential mechanisms (e.g., depressive symptoms, diet quality, episode size, and other characteristics of LOC eating episodes), between LOC eating and cardiometabolic health.
While previous studies have found that binge eating (LOC with overeating) in adults and LOC eating in youth are associated with increased risk of metabolic syndrome (Abraham et al., 2014; Hudson et al., 2010; Tanofsky-Kraff et al., 2012) , not all studies have reported this association (Barber, Schumann, Foran-Tuller, Islam, & Barnes, 2015) . When examining associations of specific components of metabolic health, findings have been further mixed. LOC eating in adults has been associated with decreased HDL-C, increased glucose, increased triglycerides, and hypertension (Abraham et al., 2014) , while LOC eating in youth has been associated with increased LDL-C and systolic blood pressure (Radin et al., 2015) . Prospectively, LOC eating has been linked to dyslipidemia in adults (Hudson et al., 2010) and increased triglycerides in youth (Tanofsky-Kraff et al., 2012) . The findings from the present study align with previous studies that have found that LOC eating is associated with dyslipidemia (Abraham et al., 2014; Hudson et al., 2010; Tanofsky-Kraff et al., 2012) and increased glucose (Abraham et al., 2014) ; however, no association with blood pressure or LDL-C was found in the current study. The lack of consistency in the literature may be due to differences across samples (e.g., severity or duration of LOC/binge eating, age, weight, or sex distribution) or study methodology (e.g., how LOC eating was assessed, covariates included in analyses, or whether outcomes were examined continuously or categorically). It is also possible that LOC eating impacts cardiometabolic health through nonspecific pathways, such as inflammation. Crosssectional analyses have shown that adults (Succurro et al., 2015) and youth (Shank et al., 2017) who report LOC eating have increased markers of inflammation relative to their peers. It is important for future research to examine how LOC eating impacts specific components of metabolic health.
Strengths of the current study include the use of a well-validated, interview measure of LOC eating. The direct estimation of fat mass and metabolic dysfunction using criterion methods are strengths, as opposed to relying on BMI and self-reported metabolic function as in previous studies (Hudson et al., 2010 ). Yet, longer-term prospective data using larger samples are vital to more fully explore potential mediators and moderators of the relationship between LOC eating and metabolic syndrome. For example, variables that were not measured in this study, such as menstrual cycle phase or duration of LOC eating, may be potential mediators or moderators of the relationship between LOC eating remission and changes in metabolic health. The analysis was also quasi-experimental, as participants were not randomized to LOC eating remission or persistence; therefore, there are several alternative explanations for the observed findings and this analysis should be considered hypothesis generating. Additionally, our sample may lack generalizability, as we recruited only weight gain prevention-seeking, Prodam et al., 2013; Steinberger et al., 2009; Zimmet et al., 2007) , previous research in young adults suggests that even relatively small increases within the clinically healthy range in metabolic components such as fasting plasma glucose confers increased risk for the development of type 2 diabetes (Tirosh et al., 2005) .
In conclusion, while previous research has found cross-sectional and standard errors for plasma glucose at baseline and 6-month follow-up are shown by LOC eating remission versus persistence at endof-treatment for participants with data at both time points. After adjusting for covariates including baseline plasma glucose, youth with persistent LOC eating had significantly higher fasting plasma glucose than girls whose LOC eating whose LOC eating had remitted at 6-month follow-up (p 5 .02). (B) Unadjusted means and standard errors for high-density lipoprotein cholesterol (HDL-C) at baseline and 6-month follow-up are shown by LOC eating remission versus persistence at end-of-treatment for participants with data at both time points. After adjusting for covariates including baseline HDL-C, youth with persistent LOC eating had significantly lower HDL-C than girls whose LOC eating whose LOC eating had remitted at 6-month follow-up (p 5 .01). (C) Unadjusted means and standard errors for triglycerides at baseline and 6-month follow-up are shown by LOC eating remission versus persistence at end-of-treatment for participants with data at both time points. After adjusting for covariates including baseline triglycerides, youth with persistent LOC eating had significantly lower triglycerides than girls whose LOC eating had remitted at 6-month follow-up (p 5 .02)
